Introduction {#Sec1}
============

The epidemics caused by coronavirus before COVID-19, acute respiratory syndrome (SARS) \[[@CR1], [@CR2]\], and Middle East respiratory syndrome (MERS) \[[@CR3], [@CR4]\] outbreaks were reported to be related to cardiovascular disease. Current clinical reports indicate that SARS-CoV-2 is associated with significant morbidity of cardiovascular diseases and complications, such as hypertension (HTN), myocarditis, acute myocardial infarction, and increased heart failure \[[@CR5], [@CR6]\]. Researchers have extensively studied the pathophysiology of SARS-CoV-2 infection and believe that the ACE2 receptor acts as a high-affinity receptor and co-transporter of the virus into the cell \[[@CR7], [@CR8]\]. The widespread expression of ACE2 in the myocardium and vascular endothelial cells might be due to the presence of SARS-CoV-2, which could cause direct cardiovascular damage and lead to adverse consequences \[[@CR6], [@CR9]\].

The S protein plays a vital role in the process of SARS-CoV-2 infecting the host and translocating into the cell \[[@CR7], [@CR10]\]. Coronavirus S protein is a granule-shaped structural protein with a length of about 1200 aa, which helps the virus to bind to cell receptors and participate in mediating viral infection and pathogenesis \[[@CR11], [@CR12]\]. During viral infection, the host cell PCs cleave the S1/S2 cleavage site of the trimer S protein dividing it into an N-terminal S1 extracellular domain that recognizes the relevant cell surface receptor and a C terminal S2 membrane anchor protein that is involved in translocation of the virus into the cells \[[@CR13], [@CR14]\]. SARS-Cov-S2 and SARS-CoV-S1 proteins contain a conserved receptor-binding domain (RBD), which can recognize ACE2 \[[@CR15]\]. Therefore, PCs family, especially furin, can be considered the key medium that mediates the maturation of S protein processing and recognition of membrane proteins. Furin can also be considered a critical molecule that makes SARS-Cov-S2 cause adverse cardiovascular events through the ACE2 receptor. This speculation is also supported by the occurrence of a high level of furin in the peripheral blood of heart failure patients.

Based on these theoretical assumptions, it can be concluded that the S protein/host furin/ACE2 signal axis exists in the pathological process of SARS-Cov-S2 infection and mediates the occurrence of adverse cardiovascular prognosis events. Numerous studies discussed ACE2 before, and therefore this article has focused on the role of furin in this pathological process. Furthermore, a unique furin-like cleavage site exists in the S protein of SARS-Cov-S2 \[[@CR16]\]; thus, the theoretical advantage inferred from this cleavage site in disease infection models can be deduced to prevent and combat COVID-19 caused by SARS-CoV-2.

COVID-19 and Cardiovascular Complications {#Sec2}
-----------------------------------------

COVID-19 is mainly presented with respiratory symptoms. Patients with severe infections usually present with acute respiratory distress syndrome (ARDS) and septic shock. The cardiovascular system involvement in this infection is also a significant feature. Cardiovascular disease (CVD) is a common comorbidity of COVID-19, SARS, and MERS patients. In SARS, the prevalence of diabetes mellitus (DM) and CVD is 11% and 8%, respectively, and their occurrence increases the risk of death \[[@CR17]\]. About 50% of MERS cases are combined with DM and HTN, and about 30% are combined with CVD \[[@CR18]\]. COVID-19 also has cardiovascular comorbidities, especially in cases with more severe conditions. By April 2020, the "Analysis of New Coronavirus Pneumonia Epidemiological Characteristics," published by the Chinese Center for Disease Control and Prevention, indicated that hypertension was the most common underlying disease among the patients. There were 2683 patients with hypertension, accounting for 12.8% of the total number of patients, 39.7% of the dead patients had hypertension, 4.2% of patients and 22.7% of patients with cardiovascular disease \[[@CR19]\], and more than 20% of severe patients had myocardial damage \[[@CR20]\]. Besides, some patients showed symptoms of palpitations. In a study of 137 patients, 7.3% of patients had palpitations as the initial symptom \[[@CR21]\]. Finally, a recent meta-analysis of eight studies from China, including a total of 46,248 infected patients, showed that the most common comorbidities were HTN (17 ± 7%, 95% CI 14--22%), DM (8 ± 6%, 95% CI 6--11%), and cardiovascular disease (5 ± 4%, 95% CI 4--7%) \[[@CR22]\]. However, the mechanism of these associations is currently unclear. The current hypotheses include the common risk factors of CVD and COVID-19 (such as advanced age and low immunity), ACE2, and furin levels.

Proprotein Convertases and S Protein {#Sec3}
------------------------------------

The processing and activation of the coronavirus S protein are critical to the infectivity of the virus. Therefore, relevant enzymes constitute potential targets for antiviral intervention. The proprotein convertase family (PCs; gene name PCSKs) is composed of nine serine-secreting proteases and is widely involved in regulating various biological processes in normal and disease states. The PCs can perform multiple activation functions and are involved in many key cellular pathways. The PCs cleave precursor proteins at specific single or paired basic amino acids (aa), turning them precursor proteins into an active state. In many PCs, the processed substrate is the infectious virus cell surface glycoproteins \[[@CR23]\]. The relationship between PCs (especially furin) and viral infection was confirmed based on their role in the processing of many essential cell surface proteins \[[@CR24]\]. For human coronavirus infections, the S proteins of HcoV-OC43, MERS-CoV, and SARS-CoV show the catalytic motif of PCs: Lys/Arg-Xn-Lys/Arg↓ (where Xn is other amino acids except cysteine). Of amino acids, n can be 0, 2, 4, or 6↓ \[[@CR25]\]. This further confirms the role of PCs in the mechanism of coronavirus infection.

The S protein acts as a key medium for SARS⁃CoV⁃2 to invade the host and cause cell damage. After entering the body, the host cell PCs cleave the trimer S protein at the S1/S2 cleavage site, dividing it into an N-terminal extracellular domain of S1, which recognizes related cell surface receptors, and a C-terminal S2 membrane anchoring protein, which is involved in the entry of the virus into the cells. SARS-Cov-S2, like the S protein of SARS-CoV-S1, contains a conserved RBD that recognizes ACE2 \[[@CR26], [@CR27]\]. Therefore, the PCs family, especially furin, can be regarded as a key medium that mediates the processing and maturation of viral spike protein and recognizes membrane proteins and plays an important role in the treatment process of viral infection \[[@CR27], [@CR28]\]. The biological process of Furin processing and activation of coronavirus S protein to expose the reactive domain also explains partially the phenomenon of COVID-19 with severe cardiovascular damage. Furthermore, heart failure, accompanied by a marked increase in the level of furin in the peripheral blood in the course of COVID-19 in patients \[[@CR29]\], makes this conjecture more credible. Therefore, inhibition of such processing enzymes could represent a potential antiviral strategy.

Interestingly, members of the PCs family often cause functional redundancy or complementation due to the high structural similarity \[[@CR30]\]. Among the PCs secreted by the heart, PCSK6 is the most abundant \[[@CR31]\] and is more than 70% structurally similar to furin. PCSK6 functions as a critical protease for processing corin and is involved in the regulation of enkephalin blood pressure \[[@CR32]\]. It has also been shown to be involved in the pathological process of atherosclerosis and myocardial fibrosis after myocardial infarction \[[@CR33]\]. Therefore, furin is likely to be a functional complementarity or redundancy of PCSK6. Blocking the activity of these enzymes can reduce viral infections and cardiovascular damage and is beneficial for the treatment of cardiovascular diseases. Besides, to limit viral infection, host cells infected by the virus can cause an interferon response, which autonomously inhibits the enzyme activity of furin \[[@CR34]\].

These previous findings have indicated that furin inhibitors could help in suppressing the spread of SARS-CoV-2. Moreover, based on the role of furin protein in cardiovascular disease, its inhibitors might also improve cardiovascular prognosis and reduce critical deaths. Therefore, furin could be a promising target for the development of new treatments.

Pathogens or their toxins require processing by host PCs to enter host cells and cause disease. Conversely, inhibiting PCs may protect host cells from furin-dependent pathogens. The correctness of the concept of furin-dependent infection has been supported by many basic studies \[[@CR35]--[@CR37]\]. Various methods have been proposed that inhibit furin activity hence limiting viral and bacterial infections and tumor growth. The variant of natural serine protease inhibitor α-1 antitrypsin affects the replication of the HIV-1 virus by interfering with the differentiation and maturation of gp160 to gp120 and gp41 \[[@CR38]\]. Also, the clarification of the crystal structure of furin promotes the design of 2,5-dideoxystreptamine derivative inhibitors \[[@CR39], [@CR40]\]. Nevertheless, because furin is involved in many cellular processes, it is important to avoid this systemic inhibition as it can cause some toxicity. Therefore, rapid screening of small molecule inhibitors or other more effective oral active inhibitors, such as *Andrographis paniculata* \[[@CR41]\], should be conducted to evaluate its antiviral effect on 2019-nCoV.

The abnormal expression or activity of furin can cause a variety of diseases that include infectious (viral or bacterial infections) and non-infectious diseases, metabolic diseases, and even cancer \[[@CR34]\]. Furin has also been shown to be involved in S protein cleavage and SARS-CoV-2 pathogenicity \[[@CR34]\]. Although furin has been regarded as a potential therapeutic target for infectious diseases, the use of host protease inhibitors (especially inhibitors against furin) as a treatment strategy for COVID-19 seems to be premature. Therefore, its lysis role and pathogenesis in SARS-CoV-2 need further clarification.

S Protein and ACE2 {#Sec4}
------------------

For coronavirus to enter the host target cell, it needs to complete two key steps. It first binds to the cell surface by attaching to the host cell receptor and then fuses its envelope to the cell membrane for the viral genome to be released into the cytoplasm of the host cell to achieve viral replication. Both of these steps are controlled by the S envelope protein \[[@CR42]\].

S protein is a structural protein of about 1200 aa in length that constitutes the corona shape of coronavirus particles. It binds to the cell receptors and participates in mediating viral infection and pathogenesis \[[@CR43]\]. However, in the process of infection, the S protein plays a direct damaging role by recognizing and binding to the ACE2 receptor and invading the host cell \[[@CR10]\]. Studies have shown that the affinity of the S-spike protein of SARS⁃CoV⁃2 with ACE2 is 10 to 20 times higher than that of SARS⁃CoV-1 \[[@CR44]\]. Based on the high expression of ACE2 in cardiomyocytes, it is theoretically speculated that many new coronaviruses could directly bind to ACE2 and directly damage cardiomyocytes.

On the other hand, S protein depletes in binding to ACE2, leading to myocardial damage mediated by ACE/ACE2 imbalance in vivo \[[@CR45]\]. ACE2 is a homolog of ACE, but their functions are entirely different \[[@CR46]\]. ACE-mediated endocrine regulation causes vasoconstriction and increased blood pressure through the ACE⁃AngII (Angiotensin II)⁃AT1 axis \[[@CR47]\]. The ACE2⁃Ang 1⁃7⁃Mas axis mediated by ACE2 can antagonize the above effects \[[@CR48]\]. AngII, as an inflammatory factor regulatory protein, plays an essential regulatory role in mediating myocardial injury, and ACE2 has a protective effect in organs such as the heart and kidney \[[@CR45]\]. It is theoretically speculated that SARS⁃CoV⁃2 reduces the expression of ACE2 after infecting cardiomyocytes through S protein, causing an increase in AngII level, which results in cardiomyocyte damage and apoptosis.

Based on these theories, it is assumed that the ACE2 receptor plays an important role in this pathological process, and therefore by directly acting or by discontinuing ACEi/ARB, ACE2 has become a candidate treatment strategy \[[@CR49]\]. The theoretical advantages of discontinuing ACEi/ARB from results observed in clinical cohort studies are inconsistent \[[@CR50], [@CR51]\]. Drug analysis in hypertensive-positive patients found no association between any single drug category and the increased likelihood of positive tests. At the same time, no drug is associated with a significant increase in the risk of serious diseases. The reduction of mortality caused by the use of ACEi/ARB has been adequately studied. The current beneficial effects on patients with diabetes, chronic kidney disease, and proteinuria or proteinuria exceed the theoretical risk. In patients with chronic heart failure, the beneficial effects of ACEi/ARB outweigh the theoretical risks. Currently, COVID-19 has reached a pandemic level and affect more patients with cardiovascular comorbidities, and the ongoing randomized clinical trials to investigate whether hospitalized COVID-19 patients should continue to use ACEi/ARB, will shed more light on the accuracy of the existing hypothesis (NCT04351581). Out of caution, there is currently no plan for discontinuation of ACEi/ARB in COVID-19 patients with heart failure, hypertension, or ischemic heart disease.

Faced with the dilemma of whether to discontinue ACEi/ARB, the clinical strategy of direct injection of ACE2 seems more promising. The bacterial-derived ACE2-like enzyme B38-CAP and human recombinant soluble angiotensin-converting enzyme 2 (rhACE2) have the same mechanism of action. The use of B38-CAP and rhACE2 can eliminate the membrane-anchoring domain to inhibit angiotensin II induction, high blood pressure, myocardial hypertrophy, and fibrosis, which in turn shows beneficial effects in disease models such as heart failure, acute lung injury, and diabetic nephropathy. The rhACE2 is currently being tested clinically to treat patients with ARDS and COVID-19 infection \[[@CR52], [@CR53]\]. On the other hand, hrsACE2 or B38-CAP can prevent SARS-CoV-2 from entering the cell and induce the virus to attach to the exogenous ACE2 copy instead of the host cell. This destroys the ability of the virus to infect the cell to the same extent leading to reduced viral replication in the lungs and other organs. Furthermore, the role of hrsACE2 or B38-CAP in inhibiting COVID-19 could be achieved by down-regulating the host ACE2 since it is the right receptor of SARS-CoV-2. Therefore, hrsACE2 or B38-CAP is expected to treat SARS-CoV-2 infection, and some of the ongoing clinical trials will further corroborate these clinical advantages (NCT04375046, NCT04382950).

Conclusion {#Sec5}
==========

At present, there is still a lack of in-depth research on the complete pathophysiological process of COVID-19 and cardiovascular disease. However, through clinical manifestations and theoretical assumptions, it is speculated that SARS⁃CoV⁃2 may affect the cardiovascular system through various mechanisms. Here, the S protein/Furin/ACE2 signal axis provides a further potential explanation for the susceptibility of the heart to COVID-19. The sensitivity of SARS-CoV-2 infection may be due to the simultaneous upregulation of ACE2 and furin in the diseased myocardium, and RAAS in this population. The lack of a specific antiviral drug means that the infected people cannot be treated and poses difficulties in controlling the spread of the virus. We mainly rely on isolation measures to prevent the spread of COVID-19. Although clinical trials of antiviral drug candidates (HIV protease inhibitors lopinavir and ritonavir) were conducted early in the outbreak, the test results were unfortunately disappointing. Chloroquine and hydroxychloroquine are not beneficial and increase the risk of arrhythmia or even death. It is still necessary to continue to test and apply the currently available and future therapies of COVID-19. Therefore, in patients with SARS-CoV-2 infection, transient regulation of the viral binding sites on ACE2 or furin through immunological or pharmacological methods may constitute a new therapeutic strategy to deal with this unprecedented and powerful virus threat.

This article is part of the Topical Collection on *Covid-19*

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Yi Ming and Liu Qiang contributed equally to this work.

YM and LQ were contributors writing the manuscript. All authors have read and approved the submitted manuscript.

The work was supported partly by the Shenzhen Science and Technology Research and Development Fund (NO JCY20180302173849459).

All available information is contained within the present manuscript.

The authors declare that they have no conflict interest.

COVID-19

:   novel coronavirus disease

SARS-CoV-2

:   Severe acute respiratory syndrome coronavirus-2

SARS-CoV-1

:   Severe acute respiratory syndrome coronavirus-1

PCs

:   Proprotein convertases

ACE2

:   Angiotensin converting enzyme 2

SARS

:   Severe acute respiratory syndrome coronavirus

MERS

:   Middle East respiratory syndrome

HTN

:   Hypertension

RBD

:   Receptor-binding domain

ARDS

:   Acute respiratory distress syndrome

CVD

:   Cardiovascular disease

DM

:   Diabetes mellitus

AngII

:   Angiotensin II
